Abstract. Power consumption and portability issues are becoming increasingly significant in embedded system architectures. Therefore, it is important that chip architects and integrated circuit designers focus on power and portability, they must also be conscious of choosing the right set of parameters for an embedded processor. An evolutionary approach to configure the parameters of an embedded processor can be used to address these issues. From a given set of parameters the design space is explored using a simple genetic algorithm. This paper investigates the sensitivity of these parameters as they change during the process of the genetic algorithm.
Introduction
Embedded systems have been motivated by the demands of the rapidly growing market in portable electronic devices. The development of lighter products, thermal efficient systems and longer battery life are effects of reduced power consumption in mobile embedded systems (e.g., medical equipment, cellular phones, pagers and video game consoles). Embedded systems usually employ one specific application. To design such a system, various hardware units are configured based on a set of parameters for a particular application. As portable computing systems continue to grow, the focus of development will be the integration of these processors for communication and computation into a single unit (i.e., system-on-a-chip). In this paper, the population size of a genetic algorithm is adapted to find an "ideal" configuration and evaluate the sensitivity of processor parameters. An expansion of Goldberg's Simple Genetic Algorithm is selected as the method for optimizing these configurations based on power consumption.
Methodology
For the purpose of this study, the set of experiments includes 16 different parameters in the configuration of an embedded processor, with at least four options per parameter. If searched exhaustively, it would take 8,153,726,970 different configurations to search the entire design space, which could take hundreds of years. Also, if different parameter sets were randomly selected, the impact of each characteristic could possibly have a dynamic effect on power consumption (e.g., cache size and pipeline depth). Based on these parameterized characteristics and a particular embedded application, the search for an "ideal" configuration of an embedded processor is NP-complete. Evolutionary algorithms offer the ability to traverse the design space to find quality solutions from large search spaces. The simple genetic algorithm (SGA) seeks an "ideal" solution for minimum power consumed by a configuration based on natural selection methods. The SGA calls an architectural power estimation tool to evaluate each configuration. Two tools, Genetic Algorithm Optimized for Portability and Parallelism System (GALOPPS) and Wattch, are selected to help complete this task [1, 2] . Each parameter is evaluated for sensitivity by counting the number of mutations of the "best fit" individual in a given run, and all values are sorted based on a total average per parameter.
Summary
The experiments that are reported used estimated values without a targeted workload for maximum power consumption per configuration. The population size was varied from 50 to 100. A population size of 70 yielded the best result with a minimal power consumption of 39.97 watts. The GA in its initial form (with a population size of 70) achieved a power reduction of 25% from the initial SoC configuration. Moreover, when population size was varied, additional gains of up to 5% additional power reduction were attained. The comparison of population sizes showed that there is a tradeoff between population size and number of evaluations. Smaller population sizes yielded higher power consumption per number of evaluations, therefore inferring that the population was not large enough. When the population size was greater than 70, the final power consumption values were also higher, concluding that the larger population size may increase the time needed for the SGA to converge to a configuration that consumes minimum power. From our sensitivity evaluation, certain parameters that were less sensitive maintained the same characteristic for the final configuration (e.g., data cache size, integer and floating point ALUs and rate of instructions implemented). Ongoing work involving additional runs will be used to show the statistical significance of power reduced and sensitivity of parameters from using a simple genetic algorithm.
